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CHARACTERISTICS OF LM ABORTS WITH PGNCS 

DURING EARLY POWEBED DESCENT 

J. D. Payne 

1.0 SUMMARY 

Aborts i n  t h e  ear ly  pa r t  of t h e  LM powered descent have both a 
more d i f f i c u l t  procedure and more d i f f i c u l t  guidance requirements than 
aborts during t h e  remainder of the powered descent. 
t o  define abort  cha rac t e r i s t i c s  with t h e  present PGNCS onboard implemen- 
t a t i o n  (including recent changes) for aborts  up t o  200 seconds i n t o  t h e  
descent f o r  t h e  lunar landing mission. Procedures t o  eliminate t h e  
requirement t o  shut down t h e  DPS aborts were investigated.  

A study w a s  made 

Results indicate  t h a t  t h e  present PGNCS implementation i s  adequate 
f o r  APS aborts .  
except f o r  t h e  requirement t o  shut down and r e ign i t e  t h e  DPS f o r  aborts  
less than 50 seconds in to  t h e  descent. It i s  not desirable  t o  shut down 
an operating propulsion system i n  an abort s i tua t ion .  Two procedures t o  
eliminate DPS shutdown were found. One uses DPS t h r o t t l i n g  t o  minimum 
thrus t  f o r  t h e  first 18 seconds of the' abort  burn. The second requires  
continuation of t h e  DPS burn i n  the  retrograde a t t i t u d e ,  u n t i l  t h e  DPS 
burn t i m e  i s  50 seconds, a t  which t i m e  s teer ing toward t h e  desired tar- 
get  conditions i s  i n i t i a t e d .  Both procedures require  a software change. 

For DPS aborts  t h e  present implementation i s  adequate 

2.0 INTRODUCTION 

This note describes t h e  charac te r i s t ics  of LM aborts  ear ly  during 
powered descent for  t h e  lunar landing mission. Included are t h e  e f f ec t s  
of t h e  recent onboard program change (ref. 1) redefining the  abort  zones 
and implementing j e rk  l imi t ing  i n  t h e  PGNCS ascent guidance equations. 
The approach used is  to define why t h e r e  i s  a problem performing early 
LM aborts and then describe t h e  ra t iona le  behind t h e  development which 
l ed  t o  t h e  current implementation, which includes t h e  requirement t o  
shut down and r e i g n i t e  the DPS fo r  ear ly  DPS aborts.  The e f fec ts  of 
varying t h e  desired inser t ion  veloci ty  and using various guidance modes 
(including those current ly  implemented i n  t h e  PGNCS rograms a r e  examined. 
The guidance modes considered i n  t h i s  study are posi  ?i ion  con 1, r o l ,  
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no posi t ion control ,  and jerk l imit ing.  

I n  addi t ion t o  t h e  d i f fe ren t  guidance modes, d i f fe ren t  procedures 
f o r  operation of t h e  propulsion systems fo r  t h e  abort are considered. 
For APS aborts ,  both aborts  with delays i n  APS igni t ion  i n  order f o r  t h e  
LM t o  or ien t  t o  t h e  required a t t i t u d e  and aborts  with no delay i n  APS 
ign i t ion  are considered, For DPS aborts ,  e f f ec t s  of leaving t h e  DPS 
on at FTP (maximum th rus t )  and at min imum th rus t  as w e l l  as e f f ec t s  of 
DPS shutdown, or ien ta t ion  of t h e  LM t o  t h e  required abort a t t i t u d e ,  and 
DPS re igni t ion  are. considered. Various procedures t o  allow t h e  DPS 
t o  remain i n  continuous operation f o r  a l l  DPS aborts  a r e  investigated.  
This note supersedes an earlier report  ( r e f .  2)  on ear ly  LM aborts .  

3.0 ABBREYIATIONS 

AGS 

APS 

CSM 

DPS 

FTP 

GSOP 

5 3  

LM 

PGNCS 

... 
RD 

ta 

abort guidance system 

ascent propulsion subsystem 

command and service modules 

descent propulsion subsystem 

f ixed t h r o t t l e  point 

guidance system operations plan 

ascent guidance const ant 

lunar module 

primary guidance and navigation control  
sys t em 

desired j e rk  (der iv ia t ive  of accelerat ion)  

time of abort 

t i m e  t o  go 

p i t ch  angle 

B 
0 p i t ch  angle at inser t ion  
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4.0 THE PROBLEM OF EARLY LM ABORTS 

I n  t h e  nominal LM descent t r a j ec to ry  ( r e f .  31, powered descent is  
i n i t i a t e d  at pericynthion of a 50 000-ft by 60-11. m i .  a l t i t u d e  o r b i t .  
The abort t a r g e t  conditions current ly  require  t h a t  t h e  LM be inser ted  
i n t o  a standard o rb i t  i n  t he  CSM o r b i t a l  plane with pericynthion at 
60 000-ft a l t i t u d e .  The t a rge t  apocynthion a l t i t u d e  f o r  aborts  p r io r  
t o  high ga te  w i l l  probably be 60 n. m i .  or higher. 

Solution t o  the  guidance problem f o r  an ear ly  abort i s ' d i f f i c u l t  
because t h e  posi t ion e r ro r  i s  la rge  ( i n  t h a t  a t  least 1 0  000 f t  i n  a l t i -  
tude i s  t o  be gained) and t h e  veloci ty  e r ror  i s  small since t h e  required 
inser t ion  ve loc i ty  i s  5551 fps  ( fo r  a 60 000-ft by 60-n. m i .  o r b i t )  and 
t h e  LM ve loc i ty  ear ly  i n  powered descent i s  also i n  t h i s  range, as can 
be seen from t h e  LM i n e r t i a l  ve loc i ty  p r o f i l e  i n  f i gu re  1. 
i n e r t i a l  ve loc i ty  is  grea te r  than 5551 fps  u n t i l  about 8 seconds in to  
the  descent. 
s e r t i on  a l t i t u d e  of 60 000 f t ,  but a l s o  it i s  evident t h a t  some aborts  
during t h e  t r i m  phase r e s u l t  i n  retrograde burns because the  current o rb i t  
has more energy than t h e  desired o r b i t .  
f i l e  ( a l so  i n  f i g .  1) indica tes  t h a t  t h e  LM apocynthion a l t i t u d e  i s  
about 39 n. m i .  a t  the  end of t h e  26-second t r i m  phase. 
t h a t  i f  a minimum abort  o r b i t  of 50 000 f t  by 39 n. m i .  i s  acceptable 
f o r  rendezvous (both LM-active and CSM-active), then one procedure f o r  
aborts  during the  t r i m  phase would be a simple DPS shutdown. I n  addi- 
t i o n  t o  t h e  f a c t  t ha t  t h e  LM posi t ion and veloci ty  r e l a t i v e  t o  t h e  
abort  t a rge t  conditions a r e  undesirable f o r  ear ly  LM abor t s ,  t h e  LM 
a t t i t u d e  i s  usual ly  very f a r  from the  desired abort a t t i t u d e .  The 
r e s u l t s  a r e  periods of maximum turning r a t e  during t h e  ear ly  aborts .  

The LM 

Thus, not only i s  it d i f f i c u l t  t o  achieve t h e  desired in- 

The LM apocynthion a l t i t u d e  pro- 

It i s  c l ea r  

I n  order t o  describe t h e  undesirable e f f ec t s  of ear ly  aborts ,  
consider t h e  cha rac t e r i s t i c s  of aborts using t h e  standard lunar 
ascent guidance with pos i t ion  control  ( so  t h a t  both t h e  desired 
inser t ion  a t t i t u d e  and ve loc i ty  i s  achieved). 
and burnout a t t i t u d e  as a function of abort time a r e  sham i n  
f igure  2. 
(t,) < 60 seconds. Drastic changes i n  inser t ion  a t t i t u d e  occur f o r  

ta < 60 seconds. 

does not achieve t h e  required t a rge t  conditions for 33 < ta < 60. 

The boundary a t  ta = 33 seconds indicates  a premature engine shutdown 

due t o  i n i t i a t i o n  of t h e  engine shutdown timer when t 

PGNCS ascent guidance ( r e f s .  3 and 4 )  causes t h e  i n i t i a t i o n  of a 
special  t i m e r  t o  shut down t h e  propulsion system anytime t 
no matter h o w t  changes subsequently. Thus, any LM abort program 

Inser t ion  a l t i t u d e  

Inser t ion  a l t i t u d e  is  60 000 f t  except f o r  abort  times 

The combined ef fec t  indicates  t h e  t h e  guidance 

< 4 seconds. 
go 

< 4 seconds 
go 

go 
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using t h e  ascent guidance equctions results i n  premature engine 
shutdown f o r  t < 33 seconds i f  t h e  inser t ion  ve loc i ty  i s  5510 fps .  

(The e f f e c t s  of increased inser t ion  veloci ty  upon premature engine shut- 
down are discussed i n  sect ion 5.3.) 

a 

Abort a t t i t u d e  p ro f i l e s  f o r  posi t ion control  are shown i n  f igure  3. 
These a t t i t u d e  p ro f i l e s  describe t h e  p i tch  angle,  6 ,  as a function of  
t i m e .  Pi tch is  measured i n  a l o c a l  horizontal  system such tha t  6 = 0" 
places t h e  +X-body axis i n  t h e  l o c a l  horizontal  plane i n  t h e  posigrade 
d i rec t ion  ( i . e . ,  i n  t h e  same di rec t ion  as the  ve loc i ty  vec tor ) .  0 = +180 
derines t h e  retrograde a t t i t ude .  
8 ' s  ind ica te  the  +X-body axis i s  above the  l o c a l  horizontal  plane. I n  
f igure  3 a t t i t u d e  prof i les  a t  abort  t i m e s  ta = 40, 70, and 110 seconds 

are  presented. For t = 40 seconds t h e  p r o f i l e  i s  very undesirable. A 

period of maximum turning rate (10 deg/sec) i s  followed by a period of 
a constant v e r t i c a l  a t t i t u d e  ( 6  = 90") i n  order t o  gain a l t i t ude .  This 
period i s  followed by another period of maximum turning r a t e  and a second 
constant a t t i t u d e  period, but t h i s  t i m e  a t  6 = -90" instead of +goo. 
These a t t i t u d e  prof i les  assume t h a t  t h e  parameter % i n  t h e  ascent 

guidance i s  unity.  If 5 < 1, as is  recommended i n  the  GSOP (ref.  5 ) ,  
then t h e  a t t i t u d e  hold s h i f t s  from 6 = 90" w i t h  5 = 1 t o  8 = 7 5 O  with 

5 = 0.97 ( r e f .  6 ) .  
maintained i n  the  down-range direct ion.  No pa r t i cu la r  advantage has 
been found fo r  use of t h i s  capabi l i ty  fo r  LM aborts .  

Except for 6 = 0" and -+180°, pos i t ive  

a 

Values of % < 1 allow a component of t h rus t  t o  be 

A s  we have indicated,  t he  desired inser t ion  conditions for t < 60 a 
seconds are not always achieved. 

characterized by periods of maximum turning rate and constant a t t i t u d e  
i l l u s t r a t e  why t h i s  i s  t rue .  For ta = 70 seconds t h e  a t t i t u d e  p ro f i l e  

i s  improved. 
of th ree ,  as i n  t h e  t 

v e r t i c a l  attitude ( 6  = 90") is  decreased. For aborts  a t  t = 110 seconds, 

t he  period of a t t i t u d e  hold at 6 = 90' i s  eliminated, and the re  i s  only 
a r e l a t i v e l y  short  period of maximum turning rate at t h e  beginning of 
the  abort .  This attiCude p ro f i l e  i s  a s igni f icant  improvement as compared 
t o  t h a t  f o r  aborts a t  -ta = 70 seconds. 

The aCtitude p r o f i l e  fo r  ta = 40 seconds 

There are only two periods of maximum turning rate instead 
= 40-second case,  and t h e  period of constant a 

a 

If guidance with posi t ion control  i s  required i n  order t o  achieve a 
specif ied a l t i t u d e  f o r  ear ly  aborts  near ta = 40 seconds, it i s  c l ea r  t h a t  

very undesirable abort  p ro f i l e s  result. 
s i red  a l t i t u d e  is  degraded. 

Even t h e  achievement of t h e  de- 
Furthermore, s ince thrus t ing  time t o  go, t 

go ' 
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i s  used t o  i n i t i a t e  propulsion shutdowns, t h e  very ea r ly  aborts 

(ta 
s m a l l  i n i t i a l  t 

33 seconds) cause premature engine shutdown because of t h e  very 

go" 

5.0 DEVELOPMENT OF CURRENT PGNCS IMPLWNTATION 

In  order t o  avoid t h e  problem of ea r ly  aborts using t h e  standard 
ascent guidance with posi t ion control ,  it w a s  proposed i n  reference 2 
t h a t  two changes be made f o r  aborts less than 150 seconds in to  t h e  descent. 
F i r s t ,  s ince  t h e  LM a t t i tude  i s  i n i t i a l l y  very f a r  from t h e  desired 
abort a t t i t u d e ,  it was proposed tha t  t h e  DPS be shut down, and t h e  LM 
be oriented t o  t h e  desired a t t i t u d e  p r io r  t o  e i ther  DPS re ign i t ion  or 
staging and APS ignit ion.  And second, it w a s  proposed t h a t  pos i t ion  
control be eliminated f r o m t h e  guidance so tha t  only achievement of t h e  
desired in se r t ion  veloci ty  w a s  required. 
ta ined,  t h e  i n i t i a l  a t t i t u d e  desired f o r  t h e  very ear ly  aborts w a s  
v e r t i c a l  ( 8  = 90")  i n  order t o  gain a l t i t u d e  t o  achieve t h e  60 000-ft 
inser t ion  a l t i t u d e ,  and t h e  a t t i t u d e  p ro f i l e s  were not improved. On t h e  
other hand, with no pos i t ion  control t h e  desired a t t i t u d e  was posigrade 
near t h e  l o c a l  horizontal  ( e  = + l o o ) ,  and t h e  a t t i t u d e  prof i les  during 
t h e  abort burn were almost constant i n  i n e r t i a l  space. Inser t ion  
a l t i t u d e  and a t t i t u d e  p ro f i l e s  fo r  aborts  i n  ear ly  descent, where t h e  
abort burn is delayed i n  order for  t h e  LM t o  achieve t h e  desired a t t i t u d e  
and the  guidance employs no posi t ion cont ro l ,  a r e  shown i n  f igure  4. I n  
t h i s  case t h e  inser t ion  a t t i t u d e  i s  near t h e  loca l  horizontal ,  and there  
is no area where premature engine shutdown might occur because t always 

decreases with elapsed time. 

If posi t ion control  were re- 

€30 

The proposal outl ined above w a s  implemented i n  t h e  preliminary lunar 
The pr inc ipa l  d i f f i c u l t y  with t h i s  imple- landing mission GSOP (ref 5 ) .  

mentation was  t h a t  f o r  aborts  near 150 seconds in to  t h e  descent, i f  no 
posi t ion cont ro l  w a s  used i n  t h e  guidance, t h e  resu l t ing  inser t ion  a l t i -  
tude could be near the safe o rb i t  l i m i t  of 35 000 f t .  Since PGNCS (as 
implemented i n  luminary programs P7O or P 7 l )  t a rge t s  t o  a fixed inser t ion  
veloci ty  without regard t o  t h e  resu l t ing  inser t ion  a l t i t u d e  ( ref .  4) ,  t h e  
apocynthion of t h e  inser t ion  o rb i t  can be affected.  Figure 5 shows 
apocynthion a l t i t u d e  as a function of inser t ion  (pericynthion) a l t i t u d e  
for a constant inser t ion  veloci ty .  Note t h a t  low inser t ion  a l t i tudes 
r e su l t  i n  low apocynthion a l t i t udes .  This feature  of PGNCS guidance can 
have a severe impact on t h e  rendezvous problem, pa r t i cu la r ly  i f  a LM 
rescue i s  required,  s ince t h e  CSM would be required t o  d w e l l  i n  a very 
low o rb i t  i n  order t o  improve LM and CSM phasing. 
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5.1 Rationale f o r  Je rk  Limiting i n  Guidance 

I n  order t o  prevent low inse r t ion  a l t i t u d e s  resu l t ing  from aborts 
from powered descent, a t h i r d  type of guidance, other  than pos i t ion  
control and no posi t ion control ,  was  considered. I n  t h i s  guidance 
scheme a j e r k  l imi t ing  technique i s  used which determines t h e  l e v e l  
of  posi t ion control avai lable  by l imi t ing  the  allowed range of t h e  j e rk  
term ( i . e . ,  der ivat ive of accelerat ion)  i n  t h e  guidance. J e rk  l imi t ing  
bridges t h e  gap between guidance with posi t ion control  and, guidance with 
no posi t ion control.  For very ea r ly  aborts  (near t 

with l i t t l e  posi t ion control  i s  desirable  t o  avoid undesirable a t t i t u d e  
prof i les  during t h e  abort .  

t i o n  control  i s  required t o  assure t h a t  t h e  r e su l t i ng  inser t ion  a l t i t u d e  
i s  greater  than 50 000 f t .  
ascent guidance, l i t t l e  posi t ion control  fo r  ear ly  aborts (ta = 50 seconds) 

r e su l t s .  

t he  l i m i t  of -0.1 f t / s e c 3  and complete posi t ion control  is  maintained. 
Figure 6 indicates  t h e  e f fec t  on abort inser t ion  a l t i t u d e  and a t t i t u d e  
fo r  guidance with pos i t ion  control ,  no posi t ion control,  and j e r k  l imi t ing  

both with t h e  current l i m i t s  of -0;l <*ii < 0 and with t h e  l i m i t s  of 

-0.2 <*;io < 0. 

i n  more posi t ion control.  

= 50 seconds) guidance a 

Later i n  t h e  descent (ta > 150 seconds) posi- 

By l imi t ing  t h e  j e r k  t e r m  allowed i n  t h e  

For l a t e r  aborts  (ta > 150 sec) t h e  computed j e r k  never reaches 

The e f f ec t  of increasing t h e  negative je rk  l i m i t  r e s u l t s  D 

The AGS uses a j e r k  l imi t ing  scheme with t h e  l i m i t s  of -0.1 <'io < 0 D 
( r e f .  4 ) .  
with t h a t  of t he  AGS, t h e  same j e r k  l i m i t s  were used. Inser t ion  conditions 
for j e r k  l imi t ing ,  as i n  t h e  current implementation, a re  shown i n  f igure 7. 
These inser t ion  conditions appear t o  be acceptable f o r  t > 50 seconds. 

The inser t ion  a l t i t u d e  increases from about 53 000 f t  a t  t = 50 seconds 

t o  60 000 f t  at ta =: 150 seconds, and the  in se r t ion  attitudes ( 0  ) have B 
t h e  LM +X-body ax i s  no more than -35O below t h e  l o c a l  horizontal .  
ta between the  )+-second t l i m i t  at ta = 33 seconds (assuming an 

inser t ion  veloci ty  of 5510 fps )  and t 

In  order t o  make t h e  current PGNCS implementation compatible 

a 

a 

For 

go 
= 50 seconds, t he  inser t ion  a t t i t u d e ,  a 

begins t o  decrease'rapidly toward -goo. Typical abort p ro f i l e s  with 

je rk  l imi t ing  guidance are shown i n  f igure  8. Att i tude p r o f i l e s  fo r  
33 < ta < 50 seconds are shown i n  figure 9 .  It i s  questionable whether 

these p ro f i l e s  are acceptable because of t h e  l a rge  negative a t t i t u d e  
angles at inser t ion  and t h e  long periods of maximum turning rate. 

%' 
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Jerk l imi t ing  i n  t h e  present PGNCS implementation does improve t h e  
abort a t t i t u d e  p ro f i l e s  compared t o  those  resu l t ing  from posi t ion control.  
(See f igures  3, 8,  and 9.)  Atti tude hold periods a t  6 = goo (or -90")  
are eliminated. For very ear ly  aborts (33 < ta < 50 seconds) t h e  p ro f i l e s  

f o r  je rk  l imi t ing  behave l i k e  those obtained with no posi t ion control .  
For ta > 150-seconds, t h e  p ro f i l e s  f o r  jerk l imit ing behave l i k e  those 

f o r  posi t ion control.  

be uni ty . )  

boundary at  t = 33 seconds. Also j e r k  l imi t ing  does not eliminate t h e  a 
requirement t o  shut down t h e  propulsion system and o r i en t  t o  t h e  desired 
abort a t t i t u d e  pr ior  t o  i n i t i a t i o n  of t h e  abort burn f o r  aborts  earlier 
than ta = 50 seconds s ince premature shutdowns due t o  s m a l l  i n i t i a l  t 

go 
are not eliminated and in se r t ion  a t t i t u d e  prof i les  fo r  t < 50 seconds 

are not desirable .  
s ince guidance with no pos i t ion  control i s  required only f o r  t < 50 

seconds. 

(When j e r k  l imi t ing  i s  used, t h e  parameter 5 should 

U s e  of je rk  l imi t ing  does not eliminate t h e  4-second t 
go 

a 
However, t h e  low inser t ion  a l t i tudes  are eliminated 

a 

5.2 Character is t ics  of t h e  Current PGNCS Implementation 

The current  PGNCS implementation for aborts from powered descent 
dist inguishes t h e  abort guidance and procedures i n  three abort zones. 
The f i r s t  zone i s  fo r  aborts occurring less than 50 seconds in to  t h e  
descent. The second zone i s  f o r  aborts occurring grea te r  than 50 seconds 
i n t o  the  descent but with an a l t i t u d e  greater  than 25 000 f t .  
t h i r d  zone i s  a l t i t udes  below 25 000 f t .  The difference between t h e  
second and t h i r d  zone i s  only t h a t  t h e  t h i r d  zone requires  a v e r t i c a l  
r i s e  phase whereas the  second zone does not.  I n  zone 1 a DPS abort  
results i n  DPS shutdown, a coast phase f o r  or ien ta t ion  of t h e  LM t o  t h e  
abort  a t t i t u d e ,  and DPS re igni t ion .  
I n  abort zone 1 onboard program P70 does not use t h e  ascentiguidance 
equations because of scal ing problems when t h e  DPS i s  t h r o t t l e d  below 
50 percent. Instead,  program P40 performs t h e  required abort burn with 
external  AV guidance (p3O) t o  achieve t h e  required veloci ty .  
external AV guidance i s  used, no posi t ion control  i s  maintained and t h e  
60 000 f t  inser t ion  a l t i t u d e  i s  not achieved. 
f o r  APS aborts .  A recent onboard program change ( r e f .  7)  has revised 
P71 t o  make it function l i k e  P7O. For APS aborts i n  abort zone 1, t h e  
DPS i s  shut down, the  LM i s  oriented t o  t h e  desired abort  a t t i t u d e ,  and 
the APS i s  ign i ted  using Program P42 and external AV guidance. 
zone 1 if an abort stage i s  used, then a short  APS fire-in-the-hole i s  
required p r io r  t o  or ien ta t ion  t o  the  desired a t t i t u d e  i n  order t o  avoid 
co l l i s ion  with t h e  descent stage.  

And t h e  

Program P7O i s  used fo r  DPS aborts .  

Since 

Program P71 i s  used 

I n  abort 

i 
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Pr ior  t o  recent implementation changes (ref I 1) which redefined t h e  
boundary of abort zone 1 and introduced j e rk  l imi t ing  (ref, 4) i n to  t h e  
ascent guidance, abort  zone 1 included t h e  first 150 seconds in to  t h e  
descent, and ascent guidance with no posi t ion control  w a s  employed f o r  
both APS and DPS aborts  ( r e f .  5 ) .  Results shown i n  t h i s  note fo r  t h e  
s i t ua t ion  where t h e  DPS i s  shutdown and the  LM i s  reoriented do not 
simulate external AV guidance of P30 but r a the r  t h e  implementation 
using t h e  ascent guidance of P70 and P71. However, t he re  i s  l i t t l e  
difference between t h e  two guidance techniques s ince both result i n  a 
near-constant a t t i t ude  maneuver. 

Character is t ics  of t h e  abort  inser t ion  conditons fo r  t he  current 
PGNCS implementation are shown i n  f igure  10. Inser t ion  a l t i tude and 
a t t i t u d e  p ro f i l e s  are shown f o r  ta < 200 seconds. 

5.3 Effects  of Changes i n  Abort Targeting 

The ef fec t  of changes i n  inser t ion  t a rge t  conditions upon inser t ion  
a t t i t u d e  is  shown i n  figure 11. Inser t ion  a t t i t u d e s  f o r  t he  j e r k  l i m i t e d  
PGNCS with DPS always a t  FTP i s  indicated f o r  inser t ion  ve loc i t i e s  of 
5510 fps  and 5551 fps .  The 5551-fps in se r t ion  veloci ty  corresponds t o  
inser t ion  at pericynthion of a 60 000-ft by 60-11. m i .  a l t i t u d e  o rb i t .  
With the  la rger  t a r g e t  veloci ty ,  t h e  inser t ion  a t t i t u d e  angle,  0 w a s  

s l i g h t l y  less negative. The i n i t i a l  t = 4 seconds occurred a t  

t 
ta = 26 seconds f o r  5551-fps in se r t ion  velocity.  

t a rge t  veloci ty  improves t h e  burnout a t t i t u d e  , 
t i m e  of abort a t  which t h e  4-second t 
for  t h e  5551-fps in se r t ion  ve loc i ty  are s t i l l  unacceptable because i f  
26 < ta < 40, then - 1 1 6 O  < 8 < -40". 

B Y  

go 
= 33 seconds f o r  5510-fps in se r t ion  ve loc i ty  and at s l i g h t l y  less than  a 

Thus an increased 

and decreases t h e  %' 
boundary occurs. Burnout a t t i t udes  

go 

B 

6.0 XLIMINATION O F  DPS SHUTDOWN DURING DPS ABORTS 

The current implementation is quite  acceptable for  APS aborts  s ince 
the re  i s  no objection t o  a 30-second delay p r i o r  t o  staging and APS 
i gn i t i on  i n  order f o r  t h e  LM t o  reach the  desired abort a t t i t u d e  when 
ta < 50 seconds. However, t he re  are several  reasons t o  question t h i s  

procedure f o r  DPS aborts .  F i r s t  , DPS shutdown and re igni t ion  short ly  
the rea f t e r  i s  questionable because of t he  poss ib i l i t y  t h e  DPS w i l l  f a i l  
t o  r e i g n i t e  due t o  freezeups of t h e  f u e l  i n  t h e  heat exchanger. Secondly, 
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it i s  inherent ly  undesirable i n  an abort  s i t ua t ion  t o  shut down a propul- 
s ion  system t h a t  has not f a i l e d .  

6.1 Effects  of t h e  U s e  of DPS Throt t l ing Capability 

The question arises whether use o f  t h e  DPS t h r o t t l i n g  capabi l i ty  
would allow t h e  DPS t o  always remain on during ea r ly  aborts.  The reason 
ear ly  APS and DPS aborts can be described as having such s i m i l a r  charac- 
t e r i s t i c s  is t h a t  i n  each case the  thrust-to-weight r a t i o s  of t h e  staged 
and unstaged LM are almost i den t i ca l  if t h e  DPS i s  at FTP. I f  t h e  DPS 
i s  t h r o t t l e d ,  t h i s  i s  no longer t r u e  and abort charac te r i s t ics  would not 
be s i m i l a r .  The pr inc ipa l  d i f f i c u l t y  i n  use of t h e  DPS t h r o t t l i n g  
capabi l i ty  i s  t h a t  software change i s  required f o r  t h e  PGNCS abort  
guidance program (P7O) t o  be, 
accelerations below 5 f t / s e c 2  ( t h r o t t l i n g  below 50 percent).  This 
r e s t r i c t i o n  i s  present because of an onboard computer scal ing problem. 
I n  t h i s  note it i s  assumed t h a t  i f  t h e  sensed accelerat ion i s  below t h e  
threshold,  simulated FTP accelerat ion leve ls  a re  used by t h e  onboard 
computer t o  ca lcu la te  t h e  desired th rus t  accelerat ion d i rec t ion .  It 
w a s  a l so  assumed tha t  minimum (10 percent) th rus t  w a s  maintained f o r  t he  
f irst  18 seconds of t h e  abort s ince t h e  desired a t t i t u d e  may be 1-80' 
from the  current  a t t i t u d e  and the  maximum turning rate i s  10  deg/sec. 

capable o f  giving a solut ion f o r  t h r u s t  

Effects  of t h r o t t l i n g  t h e  DPS t o  1 0  percent t h rus t  for t h e  f i rs t  
18 seconds of an abort are shown i n  figure 12. 
case with min imum t h r u s t ,  t h e  inser t ion  a l t i t u d e  s tays  near 50 000 f t  
fo r  33 < ta < 150 sec. a 
increases,  reaching 60 000 f t  fo r  ta % 250 sec. 

a t t i t u d e  f o r  t h e  minimum thrust  case i s  only -12' below t h e  l o c a l  
horizontal .  Thus use of DPS t h r o t t l i n g  improves t h e  burnout a t t i t u d e  
f o r  33 < ta < 50 sec. 

I n  t h e  jerk-limited 

For t > 150 seconds the  inser t ion  alt i tude 

The minimum inser t ion  

Figure 13 shows t h e  e f f ec t  of increased inser t ion  , re loci ty  on burn- 
out a t t i t u d e  when minimum th rus t  is used f o r  t h e  f irst  118 seconds of t he  
abort. The 4-second t l i m i t  occurs at t = 33 second; f o r  5510 fps  

inser t ion  veloci ty ,  and t h e  burnout a t t i t u d e  i s  only -?-bo. When t h e  
t a rge t  ve loc i ty  i s  increased t o  5551 fps ,  an abort at  t h e  end of t h e  
t r i m  phase (ta = 26 seconds) r e s u l t s  i n  a burnout a t t i t u d e  of -29'. 

Thus, i f  t h e  standard in se r t ion  o rb i t  i s  changed from a 60 000-ft by 
30-11. m i .  t o  a 60 000-ft by 60-n. m i .  a l t i t u d e  o r b i t ,  acceptable inser t ion  
conditions can be achieved for  26 < ta c 50 seconds i f  t h e  DPS i s  t h r o t t l e d  

down t o  minimum thrust  f o r  t h e  f irst  18 seconds of t h e  abort. 

go a 
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6.2 Implementation fo r  DPS Aborts 

Two a l te rna te  implementation plans were considered f o r  DPS aborts.  
The f i rs t  implementation employs DPS t h r o t t l i n g  whereas t h e  second 
does not. 

The first implementation may be summed up as requiring 

1. Jerk l imi t ing  guidance. 

2. Increase apocynthion of inser t ion  o r b i t  of 60 n. m i .  o r  higher. 

3. DPS shutdown if an  abort  occurs during t h e  26-second t r i m  phase. 

4. DPS t h r o t t l e d  t o  minimum th rus t  f o r  f i rs t  18 seconds of an abort 
i f  t h e  abort  occurs between 26 and 50 seconds in to  t h e  descent. 

5. The same procedures as APS aborts far DPS aborts after $0 seconds 
in to  t h e  descent. 

This implementation i s  summarized i n  f igure  14 .  

If  t h e  26-second t r i m  phase i s  reduced, then i n  order t o  use the  
proposed DPS abort implementation, t he  desired inser t ion  ve loc i ty  must 
be increased t o  be sure t h a t  t h e  i n i t i a l  t > 4 seconds for aborts  a t  

t he  beginning of t h e  braking phase. Results indicate  fo r  a 10-second 
t r i m  phase the  t a rge t  apocynthion a l t i t u d e  would have t o  be 80 n. m i .  

go 

Since avai lable  propellant i s  not a c r i t i c a l  factor  f o r  ear ly  DPS 
aborts ,  an a l te rna t ive  t o  the  use of DPS t h r o t t l i n g  would be t o  require  
t h e  LM t o  be s teered t o  the  retrograde a t t i t u d e  ( 6  = ?18o0) and maintain 
it u n t i l  t h e  t i m e  from DPS ign i t ion  i s  50 seconds, then t o  begin s teer ing  
toward t h e  standard abort t a r g e t s  with j erk l imi t ing  guidance. Modif ica- 
t i ons  t o  P70 t o  cause t h e  LM t o  continue i n  t h e  retrograde a t t i t u d e  
u n t i l  good abort conditions are achieved would probably requi re  fewer 
program changes than would modifying t h e  ascent guidance t o  operate with 
simulated FTP DPS th rus t  l eve ls  while t h e  DPS i s  at minimum th rus t .  

7.0 GUIDANCE AND PROCEDURE ALTERNATIVES 

I n  order t o  summarize t h e  e f f ec t s  of aborting with t h e  various 
guidance modes and operational procedures with t h e  propulsions systems , 
t h e  e f f ec t s  of s i x  guidance and procedure techniques have been described 
f o r  aborts during t h e  first 200 seconds of powered descent: 
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1. Guidance 
operative (DPS at 

2. Guidance 
(DPS at FTP) e 

3.  Guidance 
operative (DPS at 

4. Guidance 
shut down f o r  t h e  
abort  burn. 

5. Guidance 
10 percent t h rus t  

6. Guidance 

with posi t ion control  and propulsion system always 
FTP) . 
with j e r k  l imi t ing  and propulsive system always operative 

with no posi t ion control  and propulsion system always 
FTP) . 
with no posi t ion Control and propulsive system operation 
LM t o  or ien t  t o  t h e  desired abort a t t i tude p r io r  t o  

with no posi t ion control  and the  DPS t h r o t t l e d  t o  
during f irst  18 seconds of abort .  

with j e r k  l imi t ing  and t h e  DPS t h r o t t l e d  t o  10 percent 
t h rus t  during f irst  18 seconds of abort .  

A summary of t he  inser t ion  a l t i t u d e  and a t t i t u d e  prof i les  for these 
techniques are shown i n  figwres 1 5  ana 16 ,  respect ively,  for  DPS aborts .  
When both t h e  procedure of DPS shutdown while t h e  LM i s  i n  a safe o r b i t  
and t h e  procedure of continued retrograde burn with t h e  DPS are included 
with the s i x  guidance and procedure techniques l i s t e d  above, then we have 
a l l  of t h e  a l te rna t ives  f o r  performance of ear ly  LM aborts  from powered 
descent considered i n  t h i s  note. 

In  order t o  summarize t h e  various a l te rna t ives  f o r  ear ly  abor t s ,  
f i v e  abort regions can be defined f o r  t h e  f irst  200 seconds in to  t h e  
descent. 

1. 

2. 

Region A i s  defined as t h e  t r i m  phase where 0 < ta < 26 seconds. 

Region B i s  from t h e  beginning of t he  braking phase where t h e  
DPS goes t o  FTP t o  ta = 50 seconds except fo r  t h e  case where posi t ion 

control  i s  used. 

Region B with posi t ion control  i s  characterized by marginal achievement 
of inser t ion  conditions, inser t ion  a l t i t u d e  var ia t ions , and extremely 
unacceptable p i t ch  a t t i t u d e  p ro f i l e s .  (See f igures  2 and 3 . )  Since 
t h e  current implementation defines the  boundary between abort zone 1 and 2 
at  ta = 50 seconds, t he  nominal maximum l imi t  for  region B w a s  chosen 

at ta = 50 seconds. 

I n  t h a t  case Region B i s  defined as 26 < ta < 60 seconds. 

3. Region C i s  defined by 50 (or 60) < ta < 110 seconds. The 

maximum l i m i t  of t = 110 seconds w a s  chosen because aborts  with posi t ion a 



12 

control i n  t h i s  region r e t a i n  the  period of a t t i t u d e  hold a t  0 = 90' but 
no longer r e t a i n  a t t i t u d e  hold at 0 = -goo as i n  region B ( f i g .  3 ) .  

4. Region D i s  defined by 110 < ta < 150 seconds. 

5. Region E i s  f o r  t 
a 

D and E at ta = 150 seconds 

abort zone 1 f o r  t h e  former 
( r e f .  1). 

> 150 seconds. The boundary between regions 

w a s  chosen because t h i s  w a s  t h e  boundary for 

implementation, p r io r  t o  approval of PCR 70  

A summary of t h e  e f f ec t s  of t h e  various a l t e rna t ive  procedures con- 
sidered i n  t h i s  study i s  shown i n  f igure  17, which includes t h e  d iv is ion  
of ear ly  aborts i n to  f i v e  regions. Both the  current and former implementa- 
t i o n  i s  i l l u s t r a t e d  as w e l l  as two proposals t o  eliminate t h e  necessity 
t o  shut down t h e  DPS f o r  t < 50 seconds. a 

8.0 CONCLUSIONS 

An invest igat ion has been conducted in to  t h e  charac te r i s t ics  of 
LM aborts  during t h e  first 200 seconds of powered descent which a r e  
controlled. by the  PGNCS. 
current implementation and procedures investigated but also t h e  e f fec ts  
of other  guidance modes and uses of avai lable  propulsion systems. This 
study includes t h e  e f f ec t s  of t he  recent implementation changes which 
redefined t h e  abort zones and introduced j e rk  l imi t ing  in to  t h e  ascent 
guidance equations. Effects  of t h r o t t l i n g  t h e  DPS during DPS aborts  
were investigated . 

Not only were the  charac te r i s t ics  due t o  t h e  

Results indicate  t h a t  the  present implementation fo r  APS aborts  is  
adequate. For APS aborts  during t h e  f irst  50 seconds of t h e  descent 
t he  DPS i s  shut down, t h e  LM oriented t o  abort a t t i t u d e ,  and AF'S abort 
burn i s  performed with guidance having no posi t ion control.  
d i f f i c u l t y  with t h i s  delay of t he  abort burn. 
would be about 49 000 f t .  
there  i s  no delay i n  performing t h e  abort maneuver. 
guidance assures t h a t  t h e  inser t ion  a l t i t u d e  increases from a minimum of 
52 000 f t  f o r  aborts a t  50 seconds t o  the  nominal 60 000 f t  f o r  aborts 
about 150 seconds i n t o  t h e  descent. Att i tude p ro f i l e s  fo r  these aborts 
a re  considered t o  be qui te  acceptable. The maximum attitude of t h e  
+X-body ax is  at i n se r t ion  i s  about 30' below t h e  l o c a l  horizontal .  

There is no 
Minimum inser t ion  a l t i t udes  

For APS aborts after 50 seconds in to  t h e  descent, 
Jerk l imi t ing  i n  t h e  

DPS aborts have similar charac te r i s t ics  t o  APS aborts .  However, 
t h e  implementation f o r  DPS aborts i s  inadequate i n  tha t  f o r  aborts  during 
the  f irst  50 seconds of t h e  descent t h e  DPS i s  shutdown, t h e  LM i s  
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reoriented t o  abort  a t t i t u d e ,  and the DPS i s  reigni ted.  It i s  not desirable  
i n  an abort  s i t ua t ion  t o  shut down an operating propulsion system tha t  
has not failed.  
t o  freeze i n  t he  heat exchanger, i n  which case the DPS would fa i l  t o  
re igni te . )  Two metbods t o  eliminate t h e  requirement of DPS shutdown 
were found. One method uses t h e  DPS t h r o t t l i n g  capabi l i ty .  DPS 
t h r o t t l i n g  t o  minimum thrust  for  the  f irst  18 seconds of t he  abort  burn 
can be used for aborts occurring between the end of the t r i m  phase and 
50 seconds i n t o  t h e  descent , provided the  desired inser t ion  ve loc i ty  
i s  at least 5551 fps.  The second method t o  eliminate DPS shutdowns 
requires t he  continuation of t he  DPS burn i n  t he  retrograde a t t i tude u n t i l  
t he  DPS burn time i s  50 seconds, a t  which t i m e  s teer ing  toward the  desired 
t a rge t  conditons i s  i n i t i a t e d .  Both methods require  onboard software 
changes. 

( I n  f a c t ,  such operation w i t h  the DPS could cause fuel  
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Figure 1 .- LM descent trajectory parameters during early descent. 
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Figure 6.- Effect of guidance with jerk limiting. 
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Figure 7.- Insertion altitude and attitude profile when jerk limiting guidance is used. 



Time of abort burn, sec 

Figure 8.- Abort profiles when jerk limiting guidance i s  used. 
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Figure 9.- LM abort profiles for jerk limited PGNCS for aborts 
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Figure 10.- Current PGNCS implementation. 
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Figure 12.- Effects of throttling DPS to 10  percent thrust 
for f irst 18 seconds of abort. 
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Figure 13.- Effects of OPS throttling with target variation (jerk limited). 
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Figure 14.- Implementation for DPS aborts using DPS throttling. 
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Figure 15.- Insertion altitude for early LM aborts from descent with 
various guidance modes which use the DPS. 
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Figure 16.- Insertion attitude for early LM aborts from descent with various 
guidance modes which use the DPS. 
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